Background. Depressive symptoms have been linked with insulin resistance in middle-aged and elderly populations. A strong relationship between peripheral insulin resistance and glucose homeostasis imbalance has been well established in previous studies. The role of serum fructosamine and fasting blood glucose (FBG) in elevating glucose homeostasis has been documented in the literature.
ney dysfunction, pregnancy, acute or chronic infections, malignant tumors, immune diseases, a history of trauma, and the use of psychiatric medications.
Fasting venous blood was collected from all the participants, and the values of fructosamine, low density lipoprotein-cholesterol (LDL-C), total cholesterol (TC), high density lipoprotein-cholesterol (HDL-C), fasting blood glucose (FBG), total protein (TP), triglyceride (TG) and creatinine (Cr) were measured using automated biochemical analysis (Cobas 8000 modular analyzer, Hoffman-La Roche AG, Basel, Switzerland ). SPSS 16 .0 software (SPSS Inc., Chicago, USA) was used to analyze the data. Continuous variables were presented as mean ± standard deviation. The Kolmogorov-Smirnov test was used to examine the normality of the data. Student's t-test, the chi 2 test and the Mann-Whitney U test were used to compare the baseline information, and Student's t-test was used to compare the levels of serum fructosamine and FBG in male and female MDD patients with those of healthy males and females. To further assess the association of age with biochemical parameters, correlations between age and biochemical parameters were checked using the Pearson approach. Binary logistic regression analysis was also used to identify the underlying factors associated with MDD. A p value <0.05 was regarded as statistically significant.
Statistical analysis

Results
Cumulative results for all the parameters were analyzed in 238 males and 379 females. The laboratory parameters and demographic characteristics of the participants are shown in Table 1 . In the baseline data, the serum concentrations of HDL-C, TP and Cr were found to be significantly different between the two groups. Notably, serum fructosamine and FBG concentrations were significantly higher in the patients with MDD than in the healthy individuals. A decision was made to separate the study population into genders to compare the differences in serum fructosamine and FBG concentrations. Since depression has a higher prevalence in females than males, when all the individuals were stratified by gender the results showed that the serum concentrations of fructosamine and FBG were also significantly higher in the patients with MDD compared with the healthy subjects ( Fig. 1 and 2 ).
Knowing that some biochemical parameters, such as FBG, fructosamine and lipids may be influenced by age, a linear analysis was performed for both the MDD patients and the healthy controls; the results indicated that age was positively correlated with TC, LDL-C, TG in A large body of epidemiologic data indicates that depressive conditions severely influence human physical health. Data show that inflammatory cytokines are considered to play a central role in mediating depression by communicating peripheral inflammation to the brain. 1 Growing evidence has underlined an association between psychosocial factors and cardiovascular disease (CVD). 2 Unfortunately, there is a consensus that depression may contribute to the clinical outcomes in several chronic diseases, such as diabetes, chronic kidney diseases (CKD) and CVD. 2, 3 Very recently, a noteworthy prevalence of metabolic syndrome (MS) was observed in patients with depression. 3 Poor blood glucose homeostatic regulation in the body may result in adverse clinical outcomes. Serum fructosamine is a glycoprotein formed through a nonenzymatic mechanism, and it is clinically used to estimate glycemic control over the previous two to three weeks in patients with diabetes. 4 Earlier investigations have shown that serum concentrations of fructosamine are negatively correlated with estimated glomerular filtration rate (GFR) in non-diabetic individuals, and are associated with microvascular complications and retinopathy in both diabetic and non-diabetic individuals. [5] [6] [7] [8] Fasting blood glucose (FBG) is closely associated with reduced GFR in elderly healthy Chinese patients, and elevated FBG at admission is a predictor of all-cause mortality in patients with dilated cardiomyopathy.
9,10 Interestingly, depressive symptoms have been linked with insulin resistance in middleaged and elderly populations. 11 Rafacho et al. suggested a strong relationship between peripheral insulin resistance and glucose homeostasis imbalance. 12 The role of serum fructosamine and FBG in elevated glucose homeostasis has been documented in the literature. 13 Therefore, the present study examined the association of serum fructosamine and FBG with major depressive disorder (MDD).
Material and methods
This study retrospectively analyzed demographic data and biochemical parameters in 305 patients with MDD and 312 healthy individuals. The average age was 36.8 ± 9.70 years in all the participants, 39.9 ± 8.47 years in the patients with MDD and 33.8 ± 9.86 among the healthy individuals. The diagnosis of MDD was established according to DSM-IV criteria.
14, 15 The study complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration regarding research involving humans, and was approved by the Ethics Committee of the Affiliated Hospital of Youjiang Medical University for Nationalities (Baise, Guangxi, China).
Criteria for exclusion from the present study included other primary psychiatric disorders, diabetes mellitus, hypertension, CVD, endocrine diseases, MS, liver or kid- both the MDD patients and the healthy individuals. Interestingly, age was found to be positively correlated with FBG, serum fructosamine and Cr (r = 0.203, p < 0.001; r = 0.129, p = 0.025; r = 0.129, p = 0.024) and negatively correlated with TP (r = -0.114, p = 0.047) in the patients with MDD. However, there were no correlations between age and FBG, serum fructosamine or Cr in the control group. Potential confounding factors, including age, were therefore adjusted in the multivariate logistic regression analysis. The results of multiple logistic regression analyses revealed that increased serum fructosamine and FBG concentrations were independently associated with MDD ( Table 2) .
Discussion
In the present study, a statistically significant association was found between elevated serum fructosamine, FBG concentrations and MDD in multiple logistic regression analyses, and a higher prevalence of MDD was observed in elderly females.
Depressive conditions have been recognized to be a risk factor for the development and progression of some chronic diseases, especially for cardiovascular disease. In earlier trials, several longitudinal studies reported an association between depression and coronary heart disease in patients with diabetes. 16, 17 It has recently been highlighted that depression increases the risk of CVD in Fig. 1 . Increased serum fructosamine concentrations in MDD patients were shown when the study participants were stratified by gender Fig. 2 . Increased fasting blood glucose concentrations in MDD patients were shown when the study participants were stratified by gender the presence or absence of heart disease. 18 The association between depression and future coronary heart disease (CHD) has been a noteworthy research topic. 18 In the present study, increased fructosamine and FBG concentrations were observed in the patients with MDD. Several possible interpretations can be put forward to explain the reasons for high levels of fructosamine and FBG in patients with depression. First, oxidative stress and inflammatory factors in MDD patients have been considered an underlying mechanism explaining the relationship between depressive conditions and cardiovascular disease. 19 Importantly, there is now growing evidence linking oxidative stress to insulin resistance through direct and indirect mechanisms, and the inflammatory cascades have also been associated with increased insulin resistance. 20, 21 On the other hand, depressive conditions can suppress hyperactivity of the hypothalamicpituitary-adrenocortical (HPA) axis, which is a risk factor for insulin resistance. 22 Moreover, serotonin dysfunction in the nervous system has been reported in patients with depression, and selective serotonin re-uptake inhibitors used as antidepressant agents can improve insulin sensitivity independently of body weight. 23 Remarkably, fasting insulin concentrations are significantly higher in patients with depressive symptoms compared with those without depressive symptoms. 11 Pan et al. also observed a positive correlation between depressive symptoms and insulin resistance among middle-aged and elderly Chinese patients. 11 Clearly, a depressive condition may increase insulin resistance in MDD patients without diabetes. 24 Insulin resistance plays a crucial role in the pathogenesis of diabetes. It has been suggested that common glycemic load measurements, such as postload glucose, FBG and fructosamine, are strongly associated with the risk of diabetes. 25, 26 Previous studies have indicated that serum fructosamine levels are positively correlated with increased insulin resistance. 25 In addition, it is well known that insulin resistance increases FBG levels in both diabetics and the non-diabetic population. Thus, increased fructosamine and FBG levels may be induced by insulin resistance in patients with MDD, and the relationship may influence glucose metabolism and impair glucose homeostasis.
In the present study, lipid parameters were measured, which assessed the nutritional status of all the participants. Among these lipid parameters, higher levels of HDL-C have been reported to be associated with worse moods and higher levels of depression and anxiety. 27 Those results were consistent with the trend toward high HDL-C values in the MDD patients in the present study. Interestingly, in the baseline information low TP and Cr were noted in the MDD patients compared with the healthy individuals, although there were no statistically significant differences in the multivariate logistic regression analysis. In malnutrition states, the low TP and Cr levels in MDD patients may be attributed to anorexia nervosa in patients with MDD. Accompanying anorexia nervosa is prevalent among MDD patients, and MDD is a psychiatric condition often associated with dietary restrictions, appetite disturbances and a less healthy diet, which may contribute to low TP and Cr in patients with MDD. 28, 29 Several limitations of the present study should be noted. Firstly, both glycosylated hemoglobin and insulin resistance levels in patients with MDD were missing from the results. Secondly, the study did not discuss other psychological and environmental variables that may influence the relationship between glucose parameters and depression. In addition, accompanying anorexia nervosa in MDD patients should have been considered a confounder in the current study. However, the data suggest that increased serum fructosamine and FBG concentrations are associated with depressive conditions, which may influence glucose metabolism and impair glucose homeostasis in patients with MDD.
